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Description 

The present invention generally relates to the use in the manufacture of a medicament of a ligand having binding 
specificity for at least a portion of the extracellular domain of the CD28 T cell surface molecule, 
s Thymus derived lymphocytes, referred to as T cells, are important regulators of in yiyo immune responses. T ceHs 
are involved in cytotoxicity and delayed type hypersensitivity (DTH). and provide helper functions for B lymphocyte ant- 
body production. In addition, T cells produce a variety of lymphokines which function as immunomodulatory molecules, 
such as for example, interleukin-2 (IL-2). which can facilitate the cell cycle progression of T cells; tumor necrosis factor- 
alpha (TNF-a) and lymphotoxin (LT). cytokines shown to be involved in the lysis of tumor cells; interferon-gamma (IFN- 
w /which displays a wide variety of anti-viral and anti-tumor effects; and granulocyte-macrophage colony stimulating 
factor (GM-CSF), which functions as a multilineage hematopoietic factor. 

Current immunotherapeutic treatments for diseases such as cancer, acquired immunodeficiency syndrome (AIDS) 
and attending infections, involve the systemic administration of lymphokines. such as IL-2 and IFN^f. in an attempt to 
enhance the immune response by T cell proliferation. However, such treatment results in non-specific ; augmentation^ 
,s the T cell-mediated immune response, since the lymphokines administered are not specifically directed agarnst acti- 
vated T cells proximate to the site of infection or the tumor. In addition, systemic infusions of these molecules in phar- 
macologic doses leads to signif icant toxicity. Present therapies for immunodeficient or immunodepressed patients also 
involve non-specific augmentation of the immune system using concentrated gamma globulin preparations or the sys- 
temic infusion of T cell lymphokines with disadvantageous systemic side effects. The stimulation of the in yjyo secretion 
of immunomodulatory factors has not, until now, been considered a feasible alternative due to the failure to appreciate 
the effecis and/or mechanism and attending benefits of such therapy. 

It would thus be desirable to enhance the T-cell mediated immune response to direct it specifically toward T-ceHs 
activated by an antigen produced by the targeted cell, ft would further be desirable to take advantage of the patients 
natural immunospecif icity. It would also be desirable to be able to secure these effects in immunodepressed patients. I 
would additionally be desirable to secure these effects by means which do not primarily rely on the administration of 
immunodulatory molecules in amounts having significant toxic effects. . . . . 

It would also be desirable to avoid removal and reintroduction of T cell populations. It would further be desirable to 
provide a means not only of enhancing, but of suppressing T-cell mediated immunoresponses where such immunosup- 
pression would be advantageous, for example, in transplant patients and in patients exhibiting shock syndrome. 

<fri m mar Y of the Invention 

The immunotherapeutic method of the present invention comprises the step of selectively regulating the in yjvs 
level of a human T-cell lymphokine by administering a therapeutically effective amount of a ligand to a patient having a 
population of activated T cells, said ligand having binding specificity for at least a portion of the extracellular domain of 
the CD28 T-cell surface molecule. 

The present invention takes advantage of the surprising and heretofore unappreciated effects of stimulation of We 
CD28 molecule of activated T cells. By activated T cells is meant cells in which the immune response has been initiated 
or "activated" generally by the interaction of the T cell receptor TCR/CD3 T cell surface complex with a foreign antigen 
or its equivalent. Such activation results in T cell proliferation and the induction of T cell effector functions such as jyrn- 
phokine production. In this respect see prior art "Journal of Immunology", Vol. 136. No 9. May 1983. pp 3282 - 3286 
and "Molecular and Cellular Biology". Vol. 7, No 12. December 1987. pp. 4472 - 4481 . 

Stimulation of the CD28 cell surface molecule with anti-CD28 antibody results in a marked increase of T cell prolif- 
eration and in IL-2 lymphokine levels when the T cell is activated by submaximal stimulation of its TCR/CD3 complex. 
Surprisingly, when the stimulation of the TCFVCD3 complex is maximized, upon co-stimulation with anti-CD28 here is 
a substantial increase in the levels of IL-2 lymphokine, although there is no signrficant increase in T cell proliferation 
over that induced by anti-CD3 alone. Even more surprisingly, not only are IL-2 levels significantly increased, but the lev- 
els of an entire set of lymphokines previously not associated with CD28 stimulation are increased. Remarkably, bo h 
the T cell proliferation and increased lymphokine production attributable to CD28 stimulation also exhibit resistance to 
so immunosuppression by cyclosporins and glucocorticoids. 

The present invention thus provides a means by which the T cell-mediated immune response can be regulated by 
stimulating the CD28 T cell surface molecule to aid the body in ridding itseH of infection or cancer. The present invention 
can also be used not only to increase T cell proliferation, if so desired, but to augment the immune response by increas- 
ing the levels and production of an entire set of T cell lymphokines now known to be regulated by CD28 stimulation. 
55 Moreover because the effectiveness of CD28 stimulation in enhancing the T cell immune response appears to 
require T cell activation or some form of stimulation of the TCR/CD3 complex, the present invention can be used to 
selectively stimulate preactivated T cells capable of protecting the body against a particular infection or cancer, thereby 
avoiding the non-specific toxicities of the methods presently used to augment immune function. In addition, the present 
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invention enhances T cell-mediated immune functions even under immunosuppressed condrtions. thus being of partic- 
ular benefit to individuals suffering from immunodeficiencies such as AIDS. 

A better understanding of the present invention and its advantages will be had from a reading of the detailed 
dJ^C^-!l*»d^ taken in conjunction with the drawings and spec«ic example set forth below. 

5 

Rri^ QgSgfjaEpn " f Drawings 

Figure 1 is a bar graph illustrating the absence of augmentation of the uptake of thymidine by CD28 stimulated T 

10 Figure 2 is a bar graph illustrating the increase in uridine incorporation by CD28 stimulation of anti-CD3 stimulated 
Figure 3 is a graph illustrating the elevated cycloserine resistance of T cel. proliferation induced by CD28 stimula- 
te 4 is a Northern blot illustrating the effects of cyclosporine on PMA or anti-CD3 activated T cells lymphoWne 

is expression induced by anti-CD28. 

Figure 5 is a graph of in W& activation of T cells in monkeys by CD28 stimulation. 

not^ iiPri Description nfthe Preferred Embodim ents 

in a oreferred embodiment of the present invention, the CD28 molecule is stimulated to enhance the T cell-medi- 

T cells CD28 is a 44 kJlodaKon protein expressed on the jrfcce of about 
25? mature T cells which exhibits substantial homology to immunoglobulin genes. See Poggi. A., et al.. EULJJmmit 
^ S^JSlEm and Amfto A et al PNA80JSA1. 8573-8577 (1987). Binding of the CD28 molecule's extra- 
cts" - u,te « ^ T Ce " Pro ' iferati0n ^ 

25 '^tSSSSSSS^ m-IV and V.-VI.I, T cel. activation was accomplished by stimulating the T cell TCR/CD3com- 
plex M» |»oR* of the T cel. immune response) with immobilised anti-CD3 monodona. antibod.es 
SSSboSTi by chemically stimulating with PMA and ionomycin. It should also be wremted however that 
action ofthe T ceJcan instead be accomplished by routes that do not directiy involve CDS st.mu.at.on. such as the 

30 ^^^T^ T ce.. popu.ation will be provided by the patient's own immune system. whicK 
barring S^mu^^ston. will have T celte activated in response to any foreign or substantially MriMd 
S7i dSTo disease or infection. The term "foreign antigen" is used broadly. herein, meaning n antigen 
normally produced by the organism, or. as in carcinomas, an antigen which is not normally ^ produced 
c^Ss ^oducirS it. By "substantially elevated" level of antigen is meant an antigen level exceed-ng norma, 
ranqes and having potentially deleterious effects to the organism due to such elevation. aWminictratinn „, a 

Tn accordance with the present invention, stimulation of the CD28 molecule itself .s ^^SSmSI 
linand such as a monoclonal antibody or a portion thereof, having a binding specificity for CD28. Suitable antibodies 

" ° D ™SSc*SLai, « CD*. «*» «ae fenced b, A,*, A., et al.. EUASmSa. 6*3573-6577 (1987), 
generally comprises the following amino acid sequence: 
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MetLeuArgLeuLeuLauAlaL^uAsnLeuPheProSerlleGln 
ValThrGlyAsnLysIleLeuValLysGlnSerProMetLeuVal 
AlaTyrAspAsnAlaValAsnLeuSerCysLysTyrSerTyrAsn 
LeuPheSerArgGluPheArgAlaSerLeuHisLysGlyLeuAsp 
SerAlaValGluValCysValValTyrGlyAsnTyrSerGlnGln 
LeuGlnValTyrSerLysThrGlyPheAsnCysAspGlyLysLeu 
GlyAsnGluSerValThrPheTyrLeuGlnAsnLeuTyrValAsn 
GlnThrAspIlelYrPheCysLysIleGluValMetTyrProPro 
ProTyrLeuAspAsnGluLysSerAsnGlyThrllelleHisVal 
LysGlyLysHisLeuCysProSerProLeuPheProGlyProSer 

LysPro 
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20 By *. term "s— domain" as used , = «er , toe *£^^X£££S. 
sequence set forth above, any substant.al port,on thereof or any sequence na g immu noresponse 

As shown by the data ot Specific ^ a ^'^^"j g|^^ ^^^j^s of pailtoirfaTclinical importance and is one 
by CD28 stimulation appears specrf.cforact^^ 

2S oithe sign«icant advantages of to< , prese nt invert *U** ^ed anTengaged in the immune response or those in 
cif ically augment the response of T cells ^^^^^Scoi stimulation may be effects even where 
,he process of activation. It ^^-y^SSX!T^ present invention to CD28 receptor. Thus 

SeTcr*^ 

at those sites, will be selectively "boosted" ^ C ^^!S^xample8. the synergistic effect of CD28 stimulation 

As previously discussed and furto^M^ 
on activated T cells results in increased T cell P£*£^JEl£ ^pLd. atthough T cel. proliferation is 
complex is not maximally stimulated However, when J^^JJJJ,,^ indicating an increase in cellular 
not markedly increased, the levels of certa-n 'f^^^^Sma TCR/CD3 stimulation or its equivalent 
production of these lymphokines. Thus, m P a ^ o ^^^o^CD28 antibody to stimulate CD28 in 
and T cell activation to vivo due to disease or infect -on toe elevated lymphokine production, 
accordance wrth the method of the present inverjonw.il ™ SEES in accordance with the 

The increase in lymphokine production * c ^^^^ 
method of the present invention, as particular y ^gJJJ^ und * ^form of CD28 regulation. This 
„ ductionofanentiresetoflympho^ 

set of lymphokines, which .ncludes IL-2. TNF-a. LT . IFN-y, ^ • 8:223-227 (1987). 

phoKneTpresent in the mouse whid, ^^^^ p S^JSSS^ CD28 stimulation, 
Such finding is also buttressed b> rthe 

a lymphokine which is also not produced by the Th1 cells ,olW .mouse . i ymp hokines. It should be 

« lymphokines affected by CD28 stimulation w* ^^JJ^ J£ «■"* but is 

appreciated, however, that the term "human T„1 ^^J^^^a by the binding or stimulation of the 
meant to include all human in accordance with the present inven- 

CD28 T cell surface molecule. Thus, by ^Z f^lT^L Z^ significantly increased. 
«ion. the production and levels of an «jf«j!Sllne response in immunodepressed 
The present invention can also be used to 1 ^^ J ^^m^im VI-VIII. T cell proliferation and the 
patients, such as those suffering from t0 fu P nct ion even in the presence o, immune 

increased levels or production of J D2 W a, « ' y ^ no ^ administration of CD28 stimulators such as 

suppression such as that caused by < >!!f K ^^^^! i h eir in yjyo. lymphokine levels. 
mAb 9.3 can be used to treat ^^^^^^^^^ MuS^b^ may involve activation of the 
in addrtion. a variety d syndromes ,nclud.n^^^ 
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can also be used for those clinical conditions. 



4 



EP 0 445 228 B1 



10 



15 



20 



25 



30 



35 



suhstanfal increases in human T„1 lymphoBne ^"" ^c^aa^^olalKthn 
than mRNAs from eons***, jessed r»usekaap,ng = fee** to. £w^jMH • 

in mRNA degradation. rn9« nnd CD3 caused an increase in mRNA o. the human T H 1 

As shown in Specific Example IV. co-st.mulat.on of ^^^^^ mPNA ex p reS sion of all T cell activa- 
.vmohoWnes which was not the result of a generanzeo » - — - — - 

increase in per- 

tomrittd genas. The increase MS; "J J^SrttSe. Sailed hereid. ctentonsMe that 
cartage of proliferating eels in culture These MidW mRN «. 

CD28 molecule ..a MM >' <* t ?££*£JZZ^£ aimulatic ol the CD28 mofecufe resulting ,n 
form, which includes but is not limited to intravenous injector i of the igano .n 

duction are described with 

Itshouldbe understood thai although tire ^^^^^"i^hit^otwCDSg pathway may 

on the CD28 pathway. 
SPECIFIC EXAMPLE I 

Prf prr ^.™ of CD28 Stimu'^tnr Mnnoclonal Antibody 9,3 

me mono**, an*ody ,m«fl 9.3. an «C* mo™** *~«2!£m SSiS^nCSS 
CD2S mofeeule. ms produoad by a hybrid call »ne ^"^^^1^ (ie^ by intraperitoneal inooufe. 

(1986). "Pristane" and "Sepharose" are Trwle iMjrl* ^ ate ^j,* (KCI 

Prior to use in functional assays, purified mAh >9-3 ^™"™~iiiPr dH20 Na,HPOWH 2 0 2.16 grams/liter 
0.2 grams/liter dH 2 0; KH 2 P0 4 0.2 grams/liter ^J^J^^S^U Lor, Ml). The mAb 
dH 2 0) and thenfiftered through a 0.22 cubic m.cron **f* (Acrod.sc. MJJJJ. ^ ^ fesu|tjng ^ 

50 analysis and stored at 4°C prior to use. 
SPECIFIC EXAMPLE II 

IfiOiatiQD otCD28^X£eilS 

55 Buffycoatswereobtained^^ 

(PBL). approximately 2.5 x 10*. war • ^^gj^ ^^^en i^ted from 'the PBL by neg- 
Kensington. MD) density gradient centrrfugat.on. The CD28 subset ot 
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a*ve section using immunc*bsorp ti on. ta*ng advantage i of » e ^S^SSSS W "I 
CD11 and CD28 surface ^ jS^SffiX Sri. containing 
s^edat ^ EDTA Chemical ^ St ^ 

20mM HEPES buffer (pH 7.4) (GIBCO Labora»ne^ warn isa . i. inC ubated at 4°C on a rotator 

MO)and5%heat-act^ 

with saturating amounts of ™™™™ b ™™™ 5 (a ^cD20) (see Clark. E. A., et al.. PNASfUSA,. 82:1766-1770 
Vol. 3. pgs. 1-25. ed. Remherz. E. L, et al. (1986). 1 F5 (a nt. CDZ °H see ^ ^ an ti-CD14 for 20 minutes. 

(1985) ); FC-2 (an ti -CD16) ^ H ^ J^D^ and CD28" T celte wHh mouse 

Susior as dascAed * Miahal. B.B.. al al, a nnf lKlMfW*^ , Im-wW-. pgs- 16-17 (1980). 
SPECIFIC EXAMPLE III 

In^-^H ™„a,, p, ^..hi~. m HumanTuI I wtxm* Hv C,P«> SMnlim to MlUKlm! ftnlitalvM 

^-labeled human IFN^ provded in the test ^ G^-CSF was detect^Dy »™ * in the presence of neu- 

^^As shown in Table 1 , CD28 stimulation of CD3 stimulated T cells resulted in marked increases in cellular production 
of IL-2, TNF-o. IFN-r and GM-CSF. herein referred to as human T H 1 lymphokines. 
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TABLE 1 

Increased Cellular Production of Human T H 1 Lymphokines by 
CD28 Stimulation 




15 


Medium 


<2 


0 


0 


0 


4.6 


PMA 


<2 


0 


0 


NT 


5.5 




Anti-CD28 


<2 


5 


0 


0 


6.5 


20 


Anti-CD28+PMA 


435 


300 


24 


150 


48.9 




Anti-CD3' 


36 


50 


24 


120 


39.7 


25 


Anti-CD3'+Anti-CD28 


1200 


400 


74 


1050 


44.7 




Ionomycin 


<2 


0 


0 


NT 


6.6 


30 


Ionomycin+PMA 


200 


5 


37 


NT 


43.6 


Ionomyc in+PMA+Anti - 
CD28 


1640 


320 


128 


NT 


43.5 



35 



> . immobilized 
NT - not tested 



40 SPECIFIC EXAMPLE IV 

eoffleaosen m se a to sti ™" ati ™ nf ^ T cp " s,,rfa( * M °' ecv " es 

CD28*Tce..swerecu»uredata^^ 

ng/well. ^ . , eamnloc ; n fiat-bottomed 96-well microtiter plates in RPMi media con- 

glass fiber filters. . rnQ mnnAn innal antibodies were visually inspected to 

All cultures containing cells immobilized to plast.c ^nse to PHA is the resutt of 

ensure complete cel. harvesting. The failure of celfem these «h» ^SST[5S)i cells by negative immune- 
rigorous deletion of accessory cells in ^ ajvtfed T «*J were ^ ned "* to-*"**"^ 

98% surface positive, respectively. 



50 



55 



7 



10 



15 



20 



25 



30 



EP 0 445 228 B1 

no significant effect on uridine or thymine '"corporation no 6,6 rt sen/e tt ^aug p ^ 
immobilized anti-CD3 mAb G19-4 or cherracally-inducal T ggJJJ^JSi-t the uridine incorporation of 
and ionomycin (lono). However, as shown in F ^^? rt ^^3cDfimAb OKT1 1 and anti-CD45 mAb 9.4 had 
both setsof cells. Incontras^^ 
nosigrtficarrteffe^ 

: a „ s( CD,CD6.CD7orCD8)and ttd to ^ JJ^J,^^ . ^ p,^ ^ 

directly enhancing T cell proliferation. 
SPECIFIC EXAMPLE V 

Lnrrrrnr1 ssiya i EtflductifiD * Human t»i i vmnhoHn* hy cm Stimulation Ex Vrvo 

Based on evWence from the in* systems H appeared that C ? 2 *^ 
ductiond.ymphokin^ 

^O^enousb^^ 

tain flow and aeration of the sample. rfn n n< ivrmhokine oene expression, the production 
To assay for the effectiveness of CD28 stimulation on th ^^^5*"?^^ 15 minutes) of the 

of TNF.mo.ecu;e r chosenas a ^ J uUe anti . C D3 mAb 

stimulation of CD3 and co-stimulation of CD28. 
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TABLE 2 








STIMULUS 


Ohr 


TNF-a (pg/ml) 
lhr 


4hr 


40 


anti-CD3 
anti-CD28 

anti-CD3+ anti-CD28 


4.5 8 
4.5 8 
4.5" 


65.0 
1.6 
35.0 


2.1 
3.3 
75.0 



45 



Value determined prior to addition of monoclonal antibody 
to aliquots of the venous sample. 
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SPECIFIC EXAMPLE VI 

p a cic* a n.p nf CD2 M"H-™< t Qjl! Proliferation of Cyclosporine 

The protocol used and results described herein are 
4481 (1987) 
T cells, _ 

cultured at approximately 5 x l0 4 /well in the presence 



described in detail in June, C.H.. et a).. MolCe". Biol. , 7:4472- 
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suppression of T cell proliferation by the immunosuppressant dexamethasone. 
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SPECIFIC EXAMPLE VII 

MumanT uI I ympfaajonfi SfigfifeO " tbfl P<™^* 0* OWMWing 

« ut iii rnoR+ t cells were cultured in the presence of various stimulators. Culture 
As described in Specific Example III. CD28 T ce is were cum,l J° tnf^lT IFN-v and GM-CSF as previ- 

data of Specific Example III for »mpanson). ™ ^J™^™ immob i, iZ ed mAb G19-4 and mAb 9.3; or 
with ionomycin was, however, completely suppressed in the presence of cyclosporin. 
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Increased Cellular 



TABLE 4 

Production of Human T M 1 Lymphoklnes by TNF-U/LT , 



STIMULUS 



IL-2 
(U/ml) 



THF-o/LT 
(U/ml) 



1FN-7 
(U/ml) 



GM-CSF 
(U/ml) 



S+G 2 +M 
(X) 



Medium 
PMA 

Anti-CD28 

Anti-CD28+PMA 

Anti-CD28+PMA 
+CSP 

Anti-CD3' 

Anti-CD3'+CSP 

Anti-CD3'+Anti 
-CD28 



<2 


0 


0 


0 


4.6 


<2 


0 


0 


NT 


5.5 


<2 


5 


0 


0 


6.5 


435 


300 


24 


150 


48.9 



192 


200 


12 


NT 


49.3 


36 


50 


24 


120 


39.7 


<2 


0 


0 


NT 


14.5 



1200 



400 



74 



1050 44.7 



Anti-CD3'+Anti-CD28 
+CSP 154 


200 


9 


NT 


48.6 


Ionomycin <i 


0 


0 


NT 


6.6 


Ionomycln+PMA 200 


5 


37 


NT 


43.6 


Ionomycin+PMA 
+CSP <2 


0 


0 


NT 


8.1 


Ionomycin+PMA+Anti- 
CD28 I 640 


320 


128 


NT 


43.5 


Ionomycin+PMA+Anti- 
CD28+CSP 232 


120 


15 


NT 


47.6 



1 - immobilized 
NT - not tested 
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SPECIFIC EXAMPLE VIII 
tMm t u1 \ y^hnWin ^ iwRNA Ex p r«ssinn in the Presence Of Cyclosporins 



plete RPM1 medium (GIBCO, urana .siam. W¥ 'J7;°-^^^^pjiiA 3ng/ml and anti-CD28 mAb 9.3 
bated for 6 hours in £P*^ " f^tXn^^ G19-4 (1 ^e.., and mAb 9.3 

described by Thompson, et *-^2J2dS2Sy with ^P-iabeled. nick-translated gene specific probes as 
M ^f*7: l 2rSJc SSSSS^oS). ™e W probe was a 1.0 kb Pst I cDNA fragment 
described by June, C.H et al ^^^^^^(^st); the iFN-y probe was a 1 .0 kb Pst I cDN A frag- 
as described by June, C.H., et al M^^SL J 4472 44tn sbt "tp ?oo ^ EcqR 

ment as described by Young, etal.. JJm^f. 136 ;^ 00 ^ S*1W15 (1985)- the 4F2 probe was a 1.85 kb 
,-Hind III cDNA fragment as described by Wong, e J- ^erg, 228.810^ (1985 ^ P ^ a Q g 

EcoR . cDNA fragment as described by Urdsten, et ^^^^^^ 986) and , he human leukocyte 
kb Xho I cDNA fragment as described by Yok ^ a :^f^^? ne ™ s bribed by Lindsten. et al.. MolJ^JSsL 
antigen(HLA) probe ^a1.4kbPstlfra^ nuc)eotide o|jgomers as 

8:3820-3826 (1S88). TNF-a and LI specie "gf^^T^Jl.^aB^W(W f ^ 

Jmed by densitometry as described in Undsten^ et -^fl^ Z by mAb 9.3 with mAb G1 9-4 led 

G19-4 alone was completely suppressed in the presence of cydosporme. 
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SPECIFIC EXAMPLE IX 

in Vivn Activation <* 1 gfitlS CD28 StimulatiQn 

""SSL. b,ood lymphocytes from the monkey, 

descrtoed in Specific Example ... Proliferation of f^^^SS^^^m described in Specific 
tested in the treated monkey and a comro. ^^^^^^ilL^ of a threeday experiment 
Example IV. Proliferation was measured by the uptake of H I trymid, d the mean were | ess 

and the results shown in Figure 5. Means ^^S^SSSS^SS^ 9 3 fragment increased T cell 
than 20% at each point. As shown in Figure 5, stimulation of CD28 by tne maD }2 m«D 

proliferation in wo. 



45 Claims 

before introduction into a patient. 

3. The use according to claim 1 or 2 wherein the human CD28 T-cell lymphokine is other than IL-2. 

4. The use according to any one of the preceding daims wherein the CD28 stimulatory ligand comprises at least a 
portion of an anti-CD28 antibody. 
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5. The use according to claim 4 wherein the anti-CD28 antibody is characterised by the ability to induce the prolifer- 
ation of cycfosporine and PMA treated CD28 T-cells in vitro. 

6. The use according to claim 5 wherein an Ffab'k fragment of the antibody is used. 

5 

7. The use according to claim 4 wherein the anti-CD28 antibody is mAb 9.3. 

8. The use according to any of claims 1 to 3 wherein the CD28 stimulatory ligand comprises a monoclonal antibody 
having the CD28 binding characteristics of KoK-2. 

70 

Patentanspruche 

1. Verwendung eines CD28-stimulierenden Liganden fur die Herstellung eines Medikaments zur ErhOhung des in 
vivo-Spiegels eines menschlichen CD28-T-Zell-Lymphokins, produziert von einer aktivierten CD28-T-Zelle in 

is einem Patienten, der aufgrund einer Krankheit Oder Infektion, die zu einer maximalen CD3-Aktivierung der CD28+- 
T-Zelien des Patienten fOhrt, eine Population von CD28 + -T-Zellen aufweist. 

2. Verwendung nach Anspruch 1, wobei der CD28-stimulierende Ligand vor dem Einbringen in einen Patienten ex 
vivo mit einer Population von T-Zellen in Kontakt gebracht wird. 

20 

3. Verwendung nach Anspruch 1 Oder 2, wobei das menschliche CD28-T-Zell-Lymphokin kein IL-2 ist. 

4. Verwendung nach einem der vorangehenden Anspruche, wobei der CD28-stimulierende Ligand mindestens einen 
Teil eines artti-CD28-Antik6rpers umfaGt. 

25 

5. Verwendung nach Anspruch 4, wobei der anti-CD28-AntikCrper gekennzeichnet ist durch die Fahigkeit, die Prolife- 
ration von Cyclosporin- und PMA-behandelten CD28-T-Zellen in vitro zu induzieren. 

6. Verwendung nach Anspruch 5, wobei ein F(ab VFragment des AntikOrpers verwendet wird. 

30 

7. Verwendung nach Anspruch 4, wobei der anti-CD28-Antikerper mAb 9.3 ist 

8. Verwendung nach einem der Anspruche 1 bis 3, wobei der CD28-stimulierende Ligand einen monoclonaien Anti- 
kOrper mit den CD28-Bindungseigenschaften von Kolt-2 umfaBt. 

35 

Revendications 

1. Emploi d'un ligand stimulant la CD28 pour fabriquer un medicament ayant pour effet d'augmenter le taux in vivo 
d'une iymphokine de cellules T CD28+ humaines, produite par des cellules T CD28+ activ^es, chez un patient pos- 

40 s£dant une population de cellules T CD28+, en raison d'une maladie ou d'une infection qui provoque une activation 
par CD3 maximale des cellules T CD28+ du patient. 

2. Emploi conforme k la revendication 1 , ou le ligand stimulant la CD28 est mis en contact, ex vivo, avec une popula- 
tion de cellules T avant introduction chez un patient. 

45 

3. Emploi conforme k la revendication 1 ou 2, ou la Iymphokine de cellules T CD28+ humaines est autre que l'IL-2. 

4. Emploi conforme k Tune des revendications pr6c6dentes, ou le ligand stimulant la CD28 comporte au moins une 
partie d'un anti-corps anti-CD28. 

50 

5. Emploi conforme k la revendication 4, ou i'anticorps anti-CD28 est caract£ris£ par sa capacity k provoquer in vitro 
la proliferation de cellules T CD28+ trartees k la cyclosporine et au PMA. 

6. Emploi conforme k la revendication 5, ou Ton utilise un fragment Ffab^ de I'anticorps. 

55 

7. Emploi conforme k la revendication 4, ou I'anticorps anti-CD28 est I'anticorps mAb 9.3. 

8. Emploi conforme k Tune des revendications 1 k 3, ou le ligand stimulant la CD28 comporte un anticorps monoclo- 
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nal pr6sentant les caracteristiques de liaison & CD28 de I'anticorps Kott-2. 
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